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The problem of this study was to investigate whether
mathematical achievement can be influenced by instruction
in the reading skills necessary to solving word problems.
The purpose of this study was to determine if there
is a statistically significant difference in achievement
of seventh grade Title I students who receive instruction
in the reading of word problems compared to those who do
not receive such instruction.
This study was conducted during the 1981-1982 school
year at Samuel Inman Middle School. The subjects were
thirty seventh grade boys and girls assigned to two Title I
mathematic classes, whose percentile rank obtained from the
California Achievement Test was 49 and below. These
students were randomly assigned to an experimental and a
control group.
Teachers of both the experimental and control groups
followed procedures suggested in Houghton Mifflin's
Mathematics as their method of instruction during the six
weeks study. These methods include posing problems, posing
questions, making sketches, presenting problems representa¬
tive of real-life situations, demonstrations and drill.
Each lesson covered by both groups was introduced by an
instructional model which illustrated the objectives.
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Follow-up practice material which aided students in learning
the lesson objectives was divided into three sections, A, B,
and C. Section A reinforced the instructional model, and
provided a step-by-step introduction to skill development.
Section B provided practice for the lesson objectives, and
section C extended the objectives, including word problems
in which computational skills were applied. Prior to each
verbal problem-solving experience, the experimental group
was given a three-leveled reading comprehension guide to aid
them in extracting from the word problem what they were to do
and what information they were to compute, while the control
group was simply given extra practice in solving word prob¬
lems from work sheets designed to supplement those problems
given in the textbook. The time allotted for this extra
practice equalled that allotted for the reading strategy
given the experimental group.
A pre and posttest was given to both groups to determine
gain in problem solving skills. The posttest data revealed
that there was not a significant difference between the
mathematical achievement of the experimental group and the
control group as indicated by the "t" of .721 at .05 level
of confidence and twenty-eight degrees of freedom.
This study concluded that instruction in the reading
skills necessary to solving word problems did not increase
the mathematical achievement of Title I mathematics students
significantly more than the teaching of skills supported by
practice.
The negative results in this study have some implica¬
tions for teachers:
1. Prolonged use of a single strategy such as the
comprehension guide may bore or frustrate some
students.
2. There appears to be a need for greater attention
to the degree of understanding that the student
has of the conceptual structure of mathematics
as a prerequisite to his/her exposure to a
particular strategy if he/she is expected to use
the strategy effectively.
3. Students' negative perceptions of Title I pro¬
grams may work against special efforts to improve
their achievement.
On the basis of the conclusions and implications, the
following recommendations are made:
1. That further study be conducted to verify or
disprove the present findings concerning the
use of a reading comprehension guide to improve
mathematical achievement.
2. That a more extensive longitudinal study be made
on the use of a reading comprehension guide in
the mathematics classroom and its effect on
achievement scores.
3. Students should be exposed to this strategy in
a regular mathematics classroom.
4. Students should be thoroughly aware of the purpose
for instruction in the reading skills necessary to
solving word problems upon initiation of instruc¬
tion.
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It is common knowledge among mathematics teachers that
most students flounder when it comes to solving mathematical
word problems. This fact suggests that something is wrong
with the teaching and learning of mathematics when satisfac¬
tory solutions in solving word problems cannot be easily
obtained. Some educators, in attempting to identify what is
wrong, have suggested that methods of teaching word problem
solving need to be changed. Others have maintained that
students' inability to read and interpret word problems is
the main reason for poor performance. Still another thought
is that achievement is poor when comprehension in reading is
poor. Whatever the contributing factors are, it is a fact
that basic understanding in the solving of word problems is
critical to solving them satisfactorily.
Problem solving is an area of mathematics in which
there exists a high correlation between achievement in read¬
ing and achievement in mathematics. In view of this fact,
it is essential that a portion of the time allocated for
problem solving techniques be devoted to the instruction of
the reading of word problems. According to Karlin, "The one
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way to achieve mastery of content is to teach content
through reading."^
There is, indeed, a need for students to demonstrate
competence in the basic fundamentals of mathematics.
Certainly, the solution of word problems involves the ability
to compute algorithms accurately. This fact is confirmed by
Newcomb in a list that identifies elements essential in the
solution of word problems. The list includes;
1. The reading of the problem,
2. The interpretation of the problem,
3. The planning of the solution strategy,
4. The solution, or acutal computation by use
of the mechanical process, and
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5. The evaluation of the results.
While the algorithm is important, it cannot be taught
to the exclusion of basic reading techniques. Therefore, it
is essential that those skills necessary for successful
solution of word problems be taught. Marks' observation
confirms that;
Mathematical material calls for a different
kind of reading skill than does fiction or
history; it is condensed and concise, and
it requires concentrated attention to obtain
all the important details. The student
accustomed to skimming often needs to be
taught how to read mathematical materials
^Robert Karlin, Teaching Reading in High School
(New York; Bobbs-Merrill Company Inc., 1972), p. 293.
2
Ralph E. Newcomb, Modern Methods of Teaching Arithmetic
(New York; McGraw Hill, 1936), p. 279.
more slowly and carefully for its content,
and how to pay attention to all the neces¬
sary data needed to solve the problem.1
Most classroom time spent on reading instruction is
devoted to the acquisition of decoding skills. While every
teacher is concerned about the effectiveness of students in
reading content material, many are laboring under the mis¬
conception that reading is a subject in and of itself. This
view has led many content teachers to believe that any
attempts to improve reading skills during the time allocated
for instruction in their area of specialty would substan¬
tially minimize realization of content goals and objectives.
The misconception by teachers suggest an urgent need for
an understanding of the nature of the reading skills
required to solve mathematical word problems.
Shepherd, an authority on content reading, states:
. . .the teaching of reading is not an
activity separate from the content, but
a part of it. The procedure incorporates
the techniques which show how information
can be attained. You no longer teach
just the 'what' of content, but the 'how',
and of course in teaching the student the
how of obtaining content, the content it¬
self is learned.2
^J. L. Marks, Teaching Elementary School Mathematics
for Understanding (New York: McGraw-Hill 1970), p. 2.
2
David Shepherd, Comprehensive High School Reading
Methods (Colxombus: Charles E. Merrill, 1973), p. 11.
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Evolution of the Problem
A substantial number of Title mathematics students
at Inman Middle School failed to achieve at or near the
national norm on the California Achievement Test (CAT)
administered the spring of the 1980-1981 school year. The
CAT objectives, called category objectives, measure problem
solving techniques using whole numbers, fractions, percents,
decimals, ratios and proportions, probability and basic
logic skills. Students are asked to find the solution or to
identify information leading to the solution without actually
solving the problem.
A review of the reading comprehension results of these
students reveled that some students obtained scores on the
reading comprehension section of the CAT commensurate with
their scores on the mathematical word problem solving section
of that test. The results of these findings suggested a
need to investigate the correlation between reading and solv¬
ing word problems in mathematics.
Many studies have been completed concerning the relation¬
ship between reading ability and achievement in the area of
word problem solving. However, very little definite informa¬
tion concerning the methods used in teaching students to
acquire skill in using the reading skills specific to the
solution of word problems is actually included in the text¬
book offering.
^Changed to Chapter I in 1982.
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Suspecting student difficulties to lie, not in their
lack of ability to do the computation, but in their inabil¬
ity to extract from the word problems that which they are
to do, and what information they are to compute, the writer
decided to conduct a study designed to discover a poten¬
tially effective method of applying the reading process
needed to solve verbal problems.
Contribution to Educational Knowledge
This study is designed to improve the ability of students
to solve mathematical problems, and then note the relation of
this improvement to reading comprehension using an actual
classroom setting. It is a group experiment on a small scale
set up with the aim of keeping the teaching procedure at all
times on a practiceable basis. This study serves to improve
the scarcity of practical and specific "hands on" instruc¬
tional strategies sought by mathematics teachers and educa¬
tors which give evidence that actively incorporating reading
instruction into the teaching of content is indeed possible,
and that concentrated instruction in the reading of verbal
problems can be a valuable tool in improving mathematical
achievement.
Statement of the Problem
The problem of this study was to investigate whether
mathematical achievement can be influenced by instruction in
the reading skills necessary to solving word problems.
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Purpose of the Study
The purpose of the study was to determine if there is
a statistically significant difference in achievement of
seventh grade Title I students who receive instruction in
the reading of word problems compared to those who do not
receive such instruction.
Limitation of the Study
This study was limited to a single public middle school
in Atlanta, Georgia. It was limited to two seventh grade
classes of Title I mathematics. Reliability coefficients
for the tests used were not determined; content validity
was assumed because the tests employed were taken from the
standard classroom textbook. A different teacher for each
group constitutes a limitation that would not exist if one
teacher taught both groups.
Definition of Terms
The following terms are defined as they were used in
this study:
1. Structured reading program—refers to a well
organized systematic set of strategies designed
to guide students through a series of activi¬
ties which will enable them to use symbols
correctly, examine critically and organize in
terms of given data requirements or purposes.!
2. Challenge class—refers to a special program
for students with above average abilities.
^Frank Smith, Understanding Reading: A Psycholinguistic
Analysis of Reading and Learning to Read (New York: Holt,
Rinehart and Winston, Inc., 1971), p. 10.
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3. General funds teacher—refers to a teacher
paid by state rather than by federal funds,
and is, therefore, not classified as a
Title I teacher.
Locale of the Study
This study was done at Inman Middle School in Atlanta,
Georgia, for six weeks during the winter quarter of the
1981-1982 school year. The school is centrally located in
the in-town neighborhoods of Morning Side, Virginia Highland,
Poncey-Highland, Ansley Park, Piedmont Heights, Home Park,
and Techwood Homes. There are plans for continuing renova¬
tion of its physical facilities as well as adding new
facilities.
The curriculum utilizes the team concept. These teams
teach mathematics, language arts, science, and social studies,
during a block of four periods each day. Students may select
exploratory courses. Exploratory offerings include general
music, band, strings, chorus, French, Spanish, art, home
economics, industrial arts, typing, etcetera.
There is a challenge class to meet the needs of students
with above abilities, as well as a Title I mathematics and
reading class to meet the needs of students with below
average abilities.
The Special Education classes are designed to meet the
needs of students with learning and/or behavior disabilities.
The Program of Education and Career Exploration, PECE, makes
eight grade students aware of the varying career available
to students upon completion of high school.
The school has a talented staff, an innovative curri¬
culum and other resources which offer students a challenging
learning environment.
Selection and Description of Subjects
Students assigned to each group were those students
whose percentile rank obtained from the CAT was 49 and below
They were seventh grade students who had been assigned to a
Title I mathematics teacher, an aide, and a general funds
teacher. All of the subjects were from low socio-economic
backgrounds, and had been classified as slow learners.
The experimental and control groups were determined by
selecting a card at random from a bag containing the letters
"E" and "C". The total nvimber of cards contained in the bag
matched the total n^Imber of students assigned to the two
classes exactly. Each student pulled a card from the bag.
Those pulling the letter "E" became members of the experimen
tal group. Those who pulled the letter "C" became members
of the control group.
Research Design
Nature of Research
The pretest-posttest control group design was used for
this study. This design requires an experimental group and
a control group. Both the experimental and control groups
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solved problems included in the unit covered during the
experimental period as well as supplementary ones selected
by the researcher. The teachers followed the procedures
suggested in the textbook as their method of teaching
problem solving. However, in the experimental group, the
reading skills instruction preceded each unit of instruction
along with suggested procedures in the textbook following.
The reading skills taught were in the areas of comprehension,
analysis, vocabulary, and syntax. The experimental group
was given the reading skills instruction prior to problem
solving experiences.^
The control group was instructed through demonstration,
repeated practice, and drill. Additional problems taken
from duplicating masters designed to supplement the textbook
were used in order to require the same amount of time for
each group.
The Title I mathematics team consisted of one Title I
teacher, an aide, and a general funds teacher. The Title I
teacher the researcher, instructed the control group, and
the general funds teacher instructed the experimental group.
Each class met for 53 minutes daily. The study lasted for
six weeks.
See copy in Appendix A.
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Procedures
Each group was given the same pretest.^ The items on
the pretest, prepared by the researcher, were selected from
the unit tests at the end of the unit of the classroom text¬
book with additional problems supplemented from other text¬
books .
Both groups used Houghton Mifflin's Mathematics as the
textbook from which they solved verbal problems included in
the unit covered during the six weeks study. Teachers of
both groups followed the procedures suggested in the textbook
as their method of instruction. These methods included pos¬
ing problems, posing questions, making sketches, presenting
problems, representative of real-life situations, demonstra¬
tions and drill. However, prior to each verbal problem
solving experience, the experimental group was given a
three-level reading comprehension guide to aid them in
extracting from the word problem what they were to do and
what information they were to compute. This reading strate¬
gy, taught apart from those in the textbook, was not given
to the control group. Instead, the control group was given
extra practice in solving word problems from ditto masters
designed to supplement those problems given in the textbook.
The time allotted for this extra practice equalled that
allotted for the reading strategy given the experimental group.
1
See copy of pretest in Appendix B.
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Each lesson covered within the unit was introduced by
an instructional model which illustrated the objectives.
Practice material which followed, aided students in learning
the lesson objective. This practice material was divided
into three sections, A, B, and C. Section A reinforced the
instructional model, and provided a step-by-step introduc¬
tion to skill development. Section B provided practice for
the lesson objective, and section C extended the objectives
of the lesson, including word problems in which computa¬
tional skills were applied.
A typical plan of the teaching procedure that was used
with the control group is as follows:
1. An eight minutes introduction, explanation,
demonstration, or review of lessons by the
teacher of new or different procedures or
skills that the students needed to acquire
the fundamentals of fractions, decimals,
percents, or a combination of the three.
2. Five minute demonstrations and explanations
by different students of those new procedures
or skills.
3. Ten minute exercises in which all students
practiced these procedures or skills indepen¬
dently, with each student checking his own
work and recording his progress.
4. Ten minute oral exercises in verbal problem
solving in which students were drilled to
tell what was given, what was called for,
what was the correct solution, and what was
the probable answer.
5. A twenty minute period for solving verbal
problems using ditto masters designed to
supplement those problems provided in the
textbook in which students were encouraged
to use problem solving techniques over which
they had been drilled as described in step
four.
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A typical plan of the teaching procedure that was used
with the experimental group was the same as that used with
the control group with the exception of step five. The
experimental group spent twenty minutes solving verbal
problems using reading comprehension guides taught apart
from strategies included in the textbook.
At the end of the six-week period, each group was given
a posttest^ to determine whether any differences in achieve¬
ment had occurred.
1
See copy of posttest in Appendix B.
CHAPTER II
REVIEW OF RELATED LITERATURE
e
Research on Instruction in the
Solution of Word Problems
Research dealing with the mathematical learning capacity
of students has repeatedly shown that is it possible to
improve students' verbal problem solving abilities. While
there is general agreement that such an improvement is
usually brought about through repeated practice, some studies
suggest that basic to successful solution of verbal problems
is the identification and development of specific instruc¬
tional methods pertaining to teaching students to improve
their abilities in this area. Although the extent to which
a person can increase his/her innate capacity to solve verbal
problems is debatable, the possibility of such results has
been established. According to Koenker;
Experiences of teachers reveal that the
development of a child's ability to
solve verbal problems depends upon
several factors, and that various pro¬
cedures, each of which makes certain
contributions, are required to increase
this ability.!
1
Robert H. Koenker, "Twenty Methods for Improving Problem
Solving," Arithmetic Teacher 5 (March 1958): 74-78.
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There are studies that give credence to Koenker's
assertion. Newcomb, in a controlled group experiment in
which one group of pupils was especially trained in the
analysis of problems for a period of six weeks, required
pupils assigned to an experimental group to solve problems
on separate solution sheets. In addition to providing for
the usual identification data, spaces were reserved for the
following;
1. Statement of the problem
2. How to read the problem
3. Data given
4. Data required




Careful examination of the records made by the experi¬
mental group showed them to be appreciably superior to those
made by the control group.^
Using the sixth B class of twelve elementary schools in
Des Moines Iowa, Lutes conducted an experiment to determine
the relative merits of three different techniques of problem
solving. He used the following methods;
^Ralph S. Newcomb, "Teaching Pupils How to Solve Prob¬
lems in Arithmetic," Elementary School Journal 23
(November 1922); 183-189.
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1. A computation method consisting of drill in
the four fundamental processes
2. Choosing operations in which the pupil selects
the correct operation from many given operations
3. Choosing solutions in which the pupil selects
the correct solution from many given solutions.
Each of the above methods was used with separate groups
of students. In addition to these three groups, there was
a control group that was instructed by following the regular
courses of study and test book. The groups were equated by
measuring arithmetic attainment and general intelligence.
The Stanford Achievement Test, Parts 4 and 5, was employed to
measure arithmetic attainment, and Scale A, Form I, of the
National Intelligence Test was used to measure general
intelligence. The Stanford Achievement Test was repeated as
a final test following a 12-week instructional period. The
group using the computation method showed the greatest gain.
The control group showed the second best results. Lutes
concluded from his study that drill in computational accuracy
does increase ability to solve problems as measured by the
Stanford Test.^
Washburn and Osborne were of the opinion that concentra¬
tion on a specific method of problem solving would affect
positive results in achievement in this area. To test this
hypothesis, they supervised a two-year study in problem
^Olin S. Lutes, "An Evolution of Three Techniques for
Improving Ability to Solve Arithmetic Problems," A Study in
the Psychology of Problem Solving (Iowa City, Iowa: Univer¬
sity of Iowa Monograph in Education, First Series, No. 6,
1926), p. 42.
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solving in the public schools in Northern Illinois. Two
separate reports were made. The results of the first study
suggested that there is no apparent relation between the
ability to make formal analysis as students are usually
taught to do and the ability to solve real problems in
arithmetic. The second investigation, an intense study of
the relative merits of three methods of training children to
solve problems, involved seven hundred sixty-sixth and
seventh graders from eighteen different schools. The pupils
of each grade were divided into equal groups on the basis of
ability to solve problems and to deal with fundamentals.
Other factors that were considered in rating the groups were
chronological and mental ages. Each school was expected to
test the relative merits of two of the following methods:
1. To train pupils in solving problems by giving
large numbers of problems with no special
techniques
2. To train pupils to analyze problems with a
definite formal technique of attacking
problems
3. To train pupils to see the analogy or simi¬
larity between difficult written problems
and corresponding oral problems, and in this
way decide what process to use in solving
difficult problems.
The initial tests were followed by a period of teaching
for six weeks. Then the final tests were given. The results
showed significant gains with all groups. The two research¬
ers concluded that the study seems to indicate that
17
concentrated attention, even for a few weeks, on problem
1
solving by any method brings rich reward.
The general consensus among earlier authors, such as
those quoted in the preceding discussions, and the more
contemporary authors dealing with methods of teaching
mathematics seems to be that student difficulties in problem
solving stem from the inability to see and comprehend the
relationships involved in the problem-solving situation, and
from the inability to perform the necessary computations.
This observation has led many researchers to attempt to
isolate factors of difficulty. Consider the following
categories into which Marks, Purdy, and Kinney have placed
those difficulties:
1. Vocabulary difficulties
2. Failure to use the relationships between
the different elements of a situation




Banks identifies three sources of trouble which somewhat
overlap those listed by Marks et al. He lists:
1. Lack of command of the fundamental
processes
^Carleton W. Washburn and R. Osborne, "Solving Arithme¬
tic Problems," Elementary School Journal 17 (November and
December 1926): 219-226; 296-304.
2
John L. Marks, Richard C. Purdy, and Lucien B. Kinney,
Teaching Arithmetic for Understanding (New York: McGraw-
Hill Book Company, Inc., 1958), pp. 311-312.
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2. Reading difficulties
3. Use of poor techniques.^
Suggested techniques would logically follow identifi¬
cation of factors of difficulty in the area of word problem
solving. A review of such proposals reveal that many authors
of methods textbooks, and much of the reported research
indicates a general dissatisfaction with the "traditional
approach" to problem solving wherein the student is encour¬
aged to ask him/herself such questions as: "What is given?"
"What question is asked?" "What process should be used?"
Pace, for example, concludes;
That understanding the fundamental operations
is a vital factor in the improvement of
problem-solving ability, and that the teacher
should therefore, provide for the development
of understanding of the fundamental operations.2
This conclusion was drawn from the results of an experi¬
ment conducted by this researcher in which he sought to
determine the effect of the level of understanding of the
fundamental operations upon problem solving ability in
arithmetic.
Pace's samples comprised two groups of children from the
fourth grade of a training school; Group I, the control
group, and Group II, the experimental group. The exact size
^J. Houston Banks, Learning and Teaching Arithmetic
(Boston; Allyn and Bacon, Inc., 1959), p. 367.
2
A. Pace, "Understanding and the Ability to Solve Prob¬
lems," The Arithmetic Teacher (May 1961); 226.
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of the sample was not reported. The groups were equally
divided with respect to chronological age, mental ability,
and performance in arithmetic reasoning and computation.
During the experimental period of eight weeks, system¬
atic instruction in understanding of processes in arithmetic
was provided for the experimental group only. Twenty-four
sets of problems, three sets for each week, served as a
basis for discussions. Each set included two one-step
verbal problems for each of the four basic operations,
addition, subtraction, multiplication, and division.
Subjects in the experimental group were required to read
each problem, then tell how it was to be solved, defending
their choice of operation. Subjects comprising the control
group were merely asked to solve the problems without any
discussion of the work. At the end of the experimental
period, an equivalent form of the arithmetic reasoning test
that had been used as a pretest was administered. The
scores on these equivalent tests were compared and the gains
determined. Additional information was obtained through the
administration of four special problem tests designed to be
used at intervals during the experimental period. (The tests
were given to both groups). These tests, containing ten
problems of the conventional variety, and five problems with
distorted cues, were administered with accompanying individual
interviews with children to determine how they solved problems
and what effect understanding has upon the ability to solve
problems.
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Of the results reported by the investigator, the follow¬
ing was presented:
1. The gains in performance on the reasoning test
administered at the end of the experimental
period, as compared with performance on the
equivalent form used initially, were negligi¬
ble for the control group, but were statisti¬
cally significant for the experimental group.
2. On the problem tests, both groups showed
improvement from Test I to Test IV in the
number of correct methods of solution used to
solve both the conventional problems and the
problems with distorted cues. The experimental
group showed greater improvement than the con¬
trol group.1
The implications of the study presented by the investi¬
gator were summarized as follows:
1. Children should be given many opportunities to
solve problems.
2. Children should be allowed to solve problems
in various ways, since there is more than one
correct way of solving a problem. Pupils
should be led gradually to use more mature and
efficient processes.
3. The teacher should provide for the development
of understanding of the four fundamental opera¬
tions, since this is a vital factor in improv¬
ing problem solving. Development of
understanding is a gradual process; it takes
place as the fundamental operations are pre¬
sented and as problems are solved.2
Four fifth grade classes, a total of ninety-five students
ranging in IQ from 81 to 137 with a mean IQ of 113, partici¬
pated in an experiment which attempted to determine whether





numerical data are not given in the order in which they are
needed to solve the problems as they are in solving problems
in which such data are given in the order in which they are
used to solve the problems.
An arithmetic problem-solving test consisting of ten
pairs of problems was constructed. The problems included in
each pair were similar in terms of numerical difficulty and
vocabulary, but different in the order in which the nvimerical
data were presented. The pairs were split and randomly
entered into a test booklet.
The results revealed that thirty-eight students scored
higher on the proper-order type of problems, twenty-nine
scored higher on the mixed-order type, and twenty-eight
earned the same score on the two types. Of the 950 possible
correct responses for each test for all the students, there
were 678 correct responses for the proper-order type problems
and 645 for the mixed-order type. This difference was not
statistically significant.
Study of the achievement of students grouped according
to IQ as measured by the Otis Intelligence Test, Beta Form,
revealed that the twenty-six stduents in the bottom 27
percent as well as those in the upper 27 percent scored
higher on the proper-order type problems, but the differences
were not statistically significant.
The investigators suggest that students who are low in
arithmetic reasoning ability would profit substantially from
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having greater experience with proper-order type problems
before beginning instruction with multi-step problems. They
further suggest that, since reasoning ability and ability to
solve problems seem to be related, ways of increasing arith-
^ metic ability should be explored in order to improve the
students' ability to solve both types of problems.^
As recognized by authorities, and emphasized in the
following statement by Hildebrandt, selecting problems which
will evoke the kind of thinking needed for developing good
problem solving ability is of utmost importance. Hildebrandt
admonishes that:
one should remember that the nature or choice
of the problem and the manner in which it is
presented are of the greatest importance.
These factors must be geared to the age level
and the experience of the group or individual.2
In this same vein. Banks explains:
If the purpose of the problem is to give
practice in solving the kinds of problems one
encounters in real life, the 'tailor-made'
problems presented in many textbooks are far
more inferior to those that come from school,
home, and community activities. A real-life
problem differs from a textbook problem in
many ways. Real-life problems come unstruc¬
tured. We must determine what data are rele¬
vant and we must find the data that is relevant.
We must pass on the reliability of the sources
^P. C. Burns and J. L. Yonnally, "Does the Order of
Presentation of Numerical Data in Multi-Step Arithmetic
Problems Affect Their Difficulty?” School Science and
Mathematics (April 1964): 267-270.
2
E. C. H. Hildebrandt, "Mathematical Modes of Thought,”
The Growth of Mathematical Ideas (Washington, DC: Twenty-
fourth Yearbook of the National Council of Teachers of Mathe¬
matics, The National Council of Teachers of Mathematics,
1959), p. 384.
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and the accuracy of the data. We must deter¬
mine the degree of accuracy a satisfactory
solution must have. We must determine what
assumptions are implicit in the solution.
Frequently the problem does not yield a pat
textbook answer; there are alternative
solutions.1
Believing that specific attention to developing students'
abilities in the area of problem-solving is needed, Jacobson,
Lester and Stengel applied what they termed their "Bulletin-
board" method of instruction. They based their instructional
strategies on the following principles which are reflective
of the propsoition of both Hildebrandt and Banks:
1. One of the best ways to improve problem solving
is through direct, active, and continuing
experiences in solving a variety of problems.
2. A direct and positive relationship exists
between the interest students have in a prob¬
lem and their success in attacking it.
3. Successful problem-solving instruction requires
an understanding of the close relationship among
four distinct but highly interactive factors:
Students, problems, problem-solving behavior,
and classroom environment.2
Uniquely formated, the bulletin board method devised by
these researchers utilizes a three-step procedures: (1) The
problem instruction, a statement of the problem, (2) the
solution effort, what others have tried, and (3) the problem
discussion, questions and ideas related to the problem
^Banks, Learning and Teaching Arithmetic, pp. 407-408.
2
Marilyn Jacobson, Frank Lester, and Arthur Stengel,
"Making Problem Solving Come Alive in the Intermediate
Grades," Problem Solving in School Mathematics (Reston, VA:
National Council of Teachers of Mathematics, 1980), p. 127.
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including a space for students to display their own attempts
at solving problems.^
The following table lists some appropriate procedures
teachers might employ to effect "desirable responses by
2
students."
Of the results of their "Bulletin-board" method of
instruction, the researchers relate the following;
1. The problem-solving success of fourth, fifth,
and sixth graders can be improved by using an
approach based on the three principles men¬
tioned above. . .Most importantly, problem
solving ability can be improved in almost any
intermediate classroom.
2. Problem-solving is an activity best approached
with a process perspective. This means several
things. . .students need time to think about,
and work on problems more than they need speci¬
fic instruction on how to solve them. . .How¬
ever, setting the proper atmosphere and
supervising the flow of this peer-oriented
process (Bulletin-board method) were successful.
The teacher as "facilitator" most closely
describes this notion. Answers become secondary
to the process of thinking; being correct is not
as important as the effort to solve a problem.
3. Problem-solving ability is best improved by
solving many problems in an atmosphere conducive
to exploring and sharing ideas. Teachers should
provide experiences that encourage students to
try different approaches, talk with their class¬
mates while working on problems, and discuss
the relative merits of different approaches.
Such an atmosphere will not only motivate students
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These three proposals seem to suggest that the very
essence of the problem-solving process is the strategies
themselves; that clues about problem solving strategies may
very well lead to more effective teaching of the process.
Accordingly, Johnson maintains that "the structure of the
problem, rather than the computational phase should be
emphasized. Thus, emphasis should be upon the method of
solution rather than upon the answer."^
While the different writers who discuss problem solving
concur that teaching problem solving is far more difficult
than teaching mathematical skills or concepts, they believe
it to be a process that is both systematic and logical
containing from three to nine steps.
Consider the four phases that Polya presents in his.
How To Solve It, which have been widely accepted as a con¬
ceptual model for problem solving;
1. In the first phase, the problem solver must at
least understand the question and want to
answer it. The person must recognize what is
known, what is unknown, and what conditions are
present.
2. In the second phase a problem solver might
search past experiences for a related problem
that has already been solved or might tenta¬
tively try a number of attacks before settling
on one that seems promising.
3. In the third phase, the problem solver carries
through the plan to a solution, or reaching an
impass, returns to the planning phase.
Donovan A. Johnson and Gerald R. Rising, "Learning to
Solve Mathematical Problems," Guidelines for Teaching Mathe¬
matics (Belmont, CA; Wadsworth Publishing Co., Inc., 1967),
p. 125.
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4. Finally, the problem solver checks the
solution against the data and conditions
presented in the problem.1
Although detailed studies suggest that even the skilled
problem solver seldom follows a regular progression of steps
as outlined by Polya and others who have attempted to analyze
problem-solving protocols, research consistently reveals that
problem solving performance is indeed enhanced by teaching
students to use a variety of strategies or heuristics, both
general and specific.
Hatfield reports several investigations of mathematical
problem solving which attempt to either explicitly teach
heuristical percepts, to teach with heuristical methods, or
to analyze problem-solving protocols using systems based on
Polya's ideas. These include;
(a) A study conducted by Ashton (1962) in which he
gave ten weeks of heuristic-oriented instruc¬
tion based on Polya's work to ninth grade
algebra students. These students, when compared
with a control group receiving conventional
instruction, were better able to solve word
problems.
(b) A study conducted by Covington and Crutchfield
(1965) in which they obtained superiority of
the instructed children in measures of divergent
thinking, originality, and perceived value of
problem solving. These subjects used programmed
booklets. The Productive Thinking Program, which
used a comic book foonnat to engage students in
developing "heuristics” for non-mathematical
problems.
(c) A study by Olton (1967) in which he conducted an
extensive test of the revised version of Covington
and Crutchfield's program and confirmed
^George Polya, How to Solve It
NY: Doubleday, 1957), p. 35.
2nd Ed. (Garden City,
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the positive effects on a diverse set of
performance indicators. His students
achieved up to 50 percent higher scores on
post-test measures where the teacher dis¬
cussed each lesson, a finding which seems
to support the value Polya has assigned to
a "looking back" phase in his "planning
heuristic."
(d) A study in which Jerman (1971) used The
Productive Thinking Program and a Modified
Wanted-Given Program with fifth graders and
concluded that teaching problem solving in
mathematics to students of this age can best
be done in a mathematical context using a
wanted-given approach, whereas either system¬
atic approach to, problem solving was more
effective than not providing any systematic
instruction.1
In comparing the effects of three instructional strate¬
gies on problem solving behaviors of secondary school mathe¬
matics, Vos identified five problem-solving behaviors or
heuristics: (1) Drawing a diagram, (2) approximating and
verifying, (3) const3mcting an algebraic equation, (4) clas¬
sifying data, and (5) constructing a chart. Each of the
three experimental treatments, classified as Repetition, (R),
List (L), and Behavior (B) involved an exposure to twenty
mathematical problems having variations in the placement of,
and emphasis on, one of the five implied problem^^solving
behaviors. Each of the problEm tasks, "R", which represented
the problem task only, "L", which presented the problem task
which was momentarily interrupted with a checklist of
desirable problem-solving behaviors and individual written
Larry L. Hatfield and David A. Bradbard, "Mathematical
Problem Solving: Papers From a Research Workshop," Georgia
Center for the Study of Learning and Teaching Mathematics,
Athens: Georgia University, January 1978, p. 25.
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instruction in a specific useful solving behavior followed
by a return to the problem task, and "B" which initially
presented individual written instruction in a specific
problem-solving behavior followed by the same training
problem task used in L and R was administered through self-
instructional materials, and took about twenty minutes to
complete. Subjects in six mathematics classes (grades 9, 10,
11) at a private Iowa school were randomly assigned within
classes to one of the three treatments which occured over
about fifteen weeks. Post-treatment data included scores
from a Problem-Solving Test (PST). PSAT consisted of two
parts each having problem statements with choices indicating
an approach that could be used to solve the problem. Part I
offered choices directly related to the five instructed
problem-solving behaviors whereas Part II sought to measure
transfer in using other problem-solving behaviors. The PST
consisted of seven problems seeking a free written response
with encouragement to write all other thoughts about the
situation. In summarizing the results found from the various
data analyses, Vos asserts that specific instruction in
utilizing problem solving behaviors increased the effective
use of the behaviors. The evidence supports the idea that
classroom mathematics instruction should involve specific
instruction in a set of problem-solving behaviors.^
^Kenneth Vos, "The Effects of Three Instructional Strate¬
gies on Problem Solving Behavior in Secondary School Mathema¬
tics," Journal for Research in Mathematics Education 7
(November 1976); 264-275.
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Kilpatrick defines "heuristics" as being "... any
device, technique, rule of thumb, etcetera that improves
problem-solving performance."^ The preceding studies
generally used the term, "heuristics" in the same manner
or sense suggested by Kilpatrick. However, they no more
than implicitly discussed the actual behaviors of the
problem-solving act. Nor did they discuss the mental
operations and cognitive structures which would seemingly
be essential to the assimilation of the heuristical percept
as a potentially useful key to a better understanding of what
is required to recall and apply the heuristical approach, and
of what is actually "triggered off" by the recall of a
heuristical statement. Accordingly, mathematics instructors,
frustrated over an inability to deal with these and other
difficulties inherent to problem solving, have turned to
psychology to gain additional insight, not only into the
process itself, but into the reading skills which are most
closely allied with it. The following studies are represen¬
tative of the thinking of psychologists on this important
problem of the psychology of problem solving.
Research on the Psychology of Problem Solving
In her, "Untangling Clues From Research on Problem
Solving," Suydam states that:
^Jeremy Kilpatrick, "Analyzing the Solution of Word
Problems in Mathematics: An Exploratory Study," unpublished
Doctoral Dissertation, Stanford University, 1967, p. 19.
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Much concern has been expressed all around
the country about achievement, especially
about achievement in computation. It is
increasingly recognized that computation
scores are not as poor as scores for the
application of computational and other
skills in problem solving.1
Having reviewed and interpreted data on problem solving
for students aged nine, thirteen, and seventeen from the
First National Assessment of Educational Progress, Carpenter,
Coburn, Keys, and Wilson report that they suspect that:
"Solving word problems has not been part of the mathematics
program for many 9 year olds. ... It is reasonable to
believe that errors were inherent in not knowing what to do
2
with a word problem."
Although the last few decades have experienced a shift
in emphasis in mathematics education, "revolution in mathe¬
matics," in the late fifties, "modern math," in the sixties,
"back to basics," in the seventies, and now, in the eighties,
"problem solving," much of the reported research suggests
that the core of mathematics has been, and seemingly, always
will be, problem solving.
Since problem solving is viewed as such a vital part
of mathematics, careful analysis of what the process entails
is essential to the creation of appropriate learning environ¬
ments and instructional techniques.
^Marilyn Suydam, "Untangling Clues from Research on
Problem Solving," Problem Solving in School Mathematics
Fifth Yearbook (Virginia: National Council of Teachers of
Mathematics, Part II, 1980), p. 34.
2
Thomas Carpenter, et al., "Notes From National Assess¬
ment: Word Problems," Arithmetic Teacher 23 (May 1976): 390-91.
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Davis admonishes, however, that in turning to psychol¬
ogy to gain added insight into the nature of problem solving,
mathematics educators would be well advised to know that
"research in human problem solving has a well earned reputa¬
tion for being the most chaotic of all identifiable cate¬
gories of human learning."^ While mathematics education and
psychology are closely allied in that developmental psychol¬
ogists, behaviorists, gestalists, and proponents of informa¬
tion processing approahces have given considerable attention
to the nature of problem solving, only recently has a major
point of view or technique been developed that attempts to
isolate the important variables that influence problem
solving behavior.
Lester suggests that there are at least two reasons for
this condition; (1) First, a variety of tasks have been
used in problem solving research; (2) The tasks found in
the research literature include puzzle problems, anagram
problems, arithmetic computation problems, and standard text¬
book story problems as well as many other types. Also,
problem-solving research has been conducted by experimenters
with very different positions on the nature of problem
solving. Thus, the view of problem solving significantly
influences the sort of problems one considers as well as the
2
interpretations one makes about the problem-solving behavior.
^G. A. Davis, "Current Status on Research and Theory in
Human Problem Solving," Psychological Bulletin 66 (1966): 36.
2
Frank K. Lester, "Ideas About Problem Solving; A Look
At Some Psychological Research," Arithmetic Teacher (1977); 13.
In different terms, but with considerable agreement,
researchers generally tend to feel that problem solving
involves a group of skilled and interrelated activities,
identified by relational thinking in a variety of patterns
which may sometimes involve trial and error, sudden insight,
or gradual reorganization, different behaviors being evoked
by different types of problems at different levels of
difficulty. In short, problem solving is conceivably, far
from being a unitary factor defined as "reasoning," but, a
complex of different abilities. Although the specifics are
not always clear, the essential parts of problem solving,
according to research, seem to be an orienting function, an
elaborative and analytical function, and a critical function.
The problem solving process varies with nature of the form
of stating the problem, the methods of attack known by the
solver, the personal characteristics of the solver, and the
total situation in which the problem is presented.
Lester readily concedes the difficulty in finding
implications for the mathematics classroom because of the
kinds of tasks studied by the psychologist. Nevertheless,
there are suggestions for the mathematics educator that are
at least implicit in the psychological research of three
prominent psychologists, Herbert A. Simon, Norman R. F. Maier,
and William A. Brownell.
Simon, at the 1975 annual meeting of the American
Eduational Association, made a presentation to the members
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of the Special Interest Group for Research in Mathematics
Education wherein he described how contemporary information
processing approaches could change our current ideas about
thinking and learning. Listed in his presentation were
suggestions from the information processing research that
have applications to teaching, two of which seem especially
relevant for teaching mathematical problem solving. He
lists:
1. An important component of problem-solving skill
lies in being able to recognize salient problem
features rapidly and to associate with those
features promising solution steps. Much current
instruction probably gives inadequate attention
to explicit training of these perceptual skills
and the kind of understanding that is associated
with them.
2. The processes of understanding include the pro¬
cesses constructing representations of problem
situations. Most problems are capable of being
represented in a variety of ways, and the
difficulty of the problem may be greatly affected
by the representation chosen. The skills of
searching for effective problem representations
are probably learnable and teachable skills, but
they are now generally taught in a systematic
way. 1
Maier devoted many years to researching the question,
"What makes a problem difficult?" Of the factors deemed
significant in affecting the difficulty of a given problem,
Maier found the following to be most important:
1. Misleading incorrect solutions—Many problems
are solved incorrectly because the problem
solver gets a wrong solution and stops without
realizing that it is incorrect.
^Ibid., p. 13.
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2. Requirement for generating an unusual response—
As Maier elaborates, "a problem can be made
difficult if it requires a response that devi¬
ates from past experience." (1970, p. 181).
3. Difficulty in locating surmountable obstacles—
Efficient problem solving. . .is both a matter
of perceiving obstacles that can be readily
surmounted and of ingenuity in dealing with a
particular obstacle.
4. Type of demands made on idea getting versus
idea-evaluating processes—Finding a final
solution to a problem involves two stages,
idea-getting and idea-evaluating. Idea-getting
is concerned with generating alternatives. A
common difficulty for a problem solver is the
tendency to evaluate and select an alternative
before the best one has been generated.
5. Motivation factors—If we agree that a situation
is not a problem unless there is motivation to
determine a solution, then under ordinary circum¬
stances, motivation may not be a factor in
determining the difficulty level of a problem.
However, the degree to which the problem solver
will respond to a challenge, the length of time
the individual will stick with a problem before
giving up, and the person's tolerance of ambiguity
are some of the motivation-related factors that
should be considered.
6. Degree of stress—An individual's performance
during problem solving varies depending on the
types of pressure involved and the person's
frustration threshold.!
Brownell's classic paper on "Problem Solving", though
written in 1942, offers guidelines which seem most relevant
in any mathematics classroom. He asserts:
1. When a learning situation is intended to be a
problem, the relationships necessary to its
solution should be well within the child's
understanding and identifiable by him with
reasonable effort.
^Norman R. F. Maier, Problem Solving and Creativity in
Individuals and Groups (California: Brooks-Cole, 1970),
pp. 181-185.
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2. To the limits desirable and possible/ solutions
to problems should be summarized clearly,
stated verbally, and generalized.
3. To be most fruitful, practice in problem solving
should not consist of repeated experiences in
solving the same problems with the same techni¬
ques, but should cosist of the solution of
diffrent problems by the same techniques and the
application of different techniques to the same
problems.
4. A problem is not necessarily "solved" because the
correct response has been made. A problem is not
truly solved unless the learner understands what
he has done and knows why his actions were appro¬
priate.
5. Instead of being "protected" from error, the child
should many times be exposed to error and be
encouraged to detect and to demonstrate what is
wrong, and why.
6. There is reason to believe that meaning and under¬
standings are most useful in problem solving when
they have themselves been acquired through the
solving of problems.1
Dewey, Johnson, Webb, and Polya present analyses of the
problem solving process that attempt to emphasize the most
essential components of the process as well as provide
accurate descriptions of how good problem solvers think.
According to Dewey, there are five phases of reflective
thinking which, while not a part of problem solving, is
essential to the process. They include:
1. Suggestion—direct action upon a situation is
inhibited thereby causing conscious awareness
of being "in a hole."
William A. Brownell, "Practical Suggestions for Develop¬
ing Ability in Problem Solving," The Psychology of Learning
Forty-first Yearbook, Part II (Chicago: National Society for
the Study of Education, University of Chicago Press, 1942),
pp. 154-156.
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2. Intellectualization—an intellectualization of
the felt difficulty leading to a definition of
the problem.
3. Hypothesizing—various hypothesis are identi¬
fied to begin and guide observation in the
collection of factual material.
4. Reasoning—each hypothesis by action is men¬
tally elaborated upon through reasoning.
5. Testing the hypothesis by action—some kind of
testing by overt action to give experimental
corroboration or verification of a conjactual
idea.1
While Dewey feels these steps, which do not follow any
special sequence, to be suggestive of how students think when
they are solving problems, Getzels conceives them to be more
descriptive of how students ought to think rather than of how
2
they actually think when they are solving problems.
Attempts to develop problem solving modules on pattern
finding through analysis of both affective and cognitive
behavior as demonstrated by students as they attempt to solve
problems have been made by other writers such as Johnson,
Webb, and Polya.
Johnson presents a module which provides an analysis of
problem solving which gives attention to the psychological
processes related to problem solving. His framework is very
much like that of Bourne's, who claims that he utilizes a
^John Dewey, How We Think (Boston; D. C. Heath and Co.,
1933), pp. 113-114.
2
J. W. Getzels, "Creative Thinking, Problem-Solving, and
Instruction," in H. G. Richey (ed) Theories of Learning and
Instruction, Part I (Chicago: The National Society for the
Study of Education, 1964), p. 107.
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framework that enables one to "interpret measures of problem
1
difficulty such as solution time." Johnson lists;
1. Preparation and orientation—the student gets
an idea of what the problem involves;
2. Production—the consideration of alternative
approaches to a solution and the subsequent
generation of possible solution; and
3. Judgement—the determination of the adequacy of
a solution and the validity of the approach
used to arrive at the solution.2
Webb devised a model which he feels synthesizes the vari¬
ous models described in the literature he reviewed. He pro¬
poses a three stage model, much like that of Johnson. He
includes;
1. Preparation—includes defining and understand¬
ing the problem; understanding what is unknown,
what is given, and what the goals are;
2. Production—includes the search for a path to
attain the goal; recall of principles, facts,
and rules from memory; generation of new con¬
cepts and rules to be used in solving the
problem; and the development of hypotheses and
alternative plans that may lead to one or more
goals; and
3. Evaluation—includes checking subgoals and the
final solution; and checking the validity of
procedures used during preparation and produc¬
tion. 3
^L. E. Bourne, B. R. Ekstrand and R. L. Dominowski, The
Psychology of Thinking (Englewood Cliffs, NJ; Prentice-Hall,
1971), p! 56.
2
D. M. Johnson, The Psychology of Thought and Judgement
(New York; Harper and Row, 1955), p. 135.
3
N. Webb, "A Review of the Literature Related to the
Problem Solving and Problem Solving Strategy Used by Students
in Grades 4, 5, and 6," progress report prepared for the
Advisory Board of the Mathematical Problem Solving Project,
1947, p. 4.
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Webb points out that his model is more cyclic in nature in
that preparation always comes before production, and produc¬
tion always precedes evaluation.^
Another model of problem solving that prescribes techni¬
ques for developing problem solving ability which corresponds
to mental operations is one presented by Polya. He suggests
four phases in the solution process that are essential to
development of problem solving ability. He lists:
1. Understanding the problem.
2. Devising a plan.
3. Carrying out the plan.
. 2
4. Looking back.
The proposed models presented in the preceding para¬
graphs, as with the many other research efforts, have had
minimal impact upon instructional practices. This reality
is due largely to the diverse types of research and the
conflicting results netted. In addition to these factors,
none of the results seem to be general enough to encompass
all types of mathematical problems, or problem solvers.
In commenting upon the problem solving dilemma. Green
and others propose:
that the first step in the solution of verbal
problems demands a complete understanding of
the elements and processes, which are involved
or implied. This is comprehension. This in
itself involves many factors, such as rate of
^Ibid., p. 4.
2
G. Polya, Mathematical Discovery, Vol. 1 (New York: John
Wiley, 1962), p. 78.
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reading, vocabulary difficulties, reading
nvunerals, and problem organization, as
well as complexity in terms of the number
and order of the arithmetical processes
involved.1
Research on Instruction in the Reading
of Verbal Problems
Lack of reading skills has frequently been quoted as an
important factor contributing to poor problem solving perfor¬
mance. Evidence supporting the existence of a correlation
between reading ability and problem-solving scores has been
presented in a number of studies. Consider Suydam's findings:
Although some previous research such as that
conducted by Knifong and Holtan (1977), indi¬
cated that lack of reading skills might
account for only a small portion of the
variance. Lee, in a 1980 study, found much
evidence that suggests the existence of a
correlation between reading ability and prob¬
lem solving performance. Muraski's study
conducted in 1979, revealed evidence that
suggested that instruction on reading skills
can lead to higher problem-solving scores.
Changing such factors, such as the number of
words, according to Goldin and McClintock (1979),
has led to higher problem-solving scores, but
other factors do not seem to affect problem¬
solving achievement as much.2
Suydam goes on to report that the mathematics assessments
conducted by NAEP showed that even when reading difficulty
was not of concern (the effect of reading ability was con¬
trolled; all problems were read to the students from audio-
tapes) , students were unable to solve problems. Thus, she
^Harry A. Green, et al.. Measurement and Evaluation in
the Elementary School (New York: 1942), p. 306.
2
Marilyn N. Suydam, "Update on Research on Problem Solv¬
ing: Implications for Classroom Teaching," Arithmetic
Teacher (February 1982): 59.
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further states, to equate problem-solving difficulty with
reading difficulty appears to be too great a simplification.
To help children "interpret" the words in a problem is, how¬
ever, of vital concern.^
Helping students to interpret the words in a problem,
or in comprehending the problem in general, would necessarily
entail having a clear understanding of the relation between
reading and arithmetic. Commenting upon that relationship.
Gray states:
that reading arithmetic problems calls for
techniques so different from those used by
the child in other reading that he must be
taught how to read the problem as well as
how to solve them. Some arithmetic periods
may well be used as reading periods with
emphasis on reading, analysis, and interpre¬
tation, rather than on computation.2
Reading mathematical material is so specialized that
comprehension of it requires careful reading. Students must
note details and weigh them, they must be able to organize
the facts of a problem, and to relate them to one another.
In reading the problem in mathematics, great care must be
taken for exactness of understanding each item within the
3
problem and for recognizing the compact nature of problems.
^Ibid.
2
William S. Gray, "Improving Reading in the Content
Fields," Educational Research Bulletin 62 (1947): 78.
3
Guy Bond and Eva B. Wagner, Teaching the Child to Read
(New York: 1950), p. 3.
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With attention centered primarily in "reading for
problem-solving," Hubbard and Shores reviewed twenty-five
studies of reading and critical thinking. The data secured
led them to propose:
1. Ability to read effectively is determined in
part by the content or problem area in which
the reading is done.
2. Comprehension is determined in part, at least,
by what the reader intends to get from the
printed material.
3. The reading process as now defined cannot be
clearly differentiated from thinking.
4. An important aspect of critical thinking in
reading is "ability to select relevant and
reject irrelevant."!
Williams conducted a study to determine the relationship
of reading to reasoning problems in mathematics by a selected
group of sixth grade students. She concluded that the status
of the group in performing arithmetic reasoning problems,
revealed that they did not reach the grade norm. A large
percent of the students appeared to perform almost random
calculations upon the given nxamber, thereby indicating that
they did not attempt to solve verbal problems. Williams
further stated that the failure to solve verbal problems may
be due to several causes; namely, poor ability in computation,
inadequate mathematical vocabulary, and failure to reason.
The conclusion was also made that there was a slight
^K. L. Hubbard and J. Harlan Shores, "Reading for Prob¬
lem Solving," Journal of Educational Research 44 (February
1951): 406.
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statistical relationship between reading ability in silent
reading and the ability to solve reasoning problems in
mathematics.^
All instruction is conditioned upon the ability of the
g student to comprehend and interpret the printed page.
Although there are no simple answers to date to what content
reading research has contributed to classroom practice,
research in content reading has clearly demonstrated that a
relationship does exist between skill in reading and success
2
in content subjects.
Coulter asserts that, even though it may be argued
successfully that reading skill is not the primary concern
of the arithmetic program, the researches reported have
rather substantially documented the importance of good read¬
ing; that numerous studies have cited problems of readability
of materials, of word study, of verbal problem solving, and
of verbal concept interpretation as factors which have a
direct bearing upon success in arithmetic; that research
findings have also established the need for continued atten¬
tion throughout the elementary school years to a broad
Mary Belle Williams, "A Study to Determine the Relation¬
ship of Reading to Reasoning Problems as Revealed by Analysis
and Interpretation of Data Secured by Administering Certain
Standardization Tests to a Selected Group of Sixth Grade
Pupils of First Ward Elementary School," unpublished Master's
Thesis, School of Education, Atlanta University, 1954, p. 60.
^Myron L. Coulter, "Reading in Mathematics: Classroom
Implications," Reading in the Content Areas (Newark, DE:
International Reading Association, 1972), p. 7.
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spectrxim of specific arithmetic-reading skills.^ According¬
ly, Coulter identifies specific arithmetic-reading skills
which can be directly related to at least four major classes
of reading tasks. He lists;
1. Understanding symbols and specialized devices.
This involves reading and understanding
expressions of quantity (i.e., interpreting
fractions), reading, understanding and inter¬
preting decimals and per cents, nimbers of
greater magnitude, expressions and instru¬
ments of linear measurement, expressions of
voliame and area, expressions and devices of
time, and systems of weights and measure.
2. Understanding the general organization of the
materiaT! This involves instruction in how to
effectively handle the printed medium, the
textbook. The manner in which the text or
workbooks are presented can make a difference
in the student's grasp of their contents and
purpose.
3. Developing the arithmetic vocabulary. This
involves language precision. That is, the
mathematics program should regularly devote
a segment of the instructional time to a
systematic study of words, concepts, and
symbols found in the materials.
4. Reading to solve verbal problems. This
involves instruction in three important read¬
ing skills, vocabulary development, literal
interpretation of the problem, and selection
of the proper solution process (reasoning).
It is also noted that listening skills seem to
be related to mathematical ability, primarily
through their relationship to reading achieve¬
ment . 2
A major concern, naturally, is how students will develop




of research in this area and the experiences of teachers
indicate that the development of a student's ability to
solve verbal problems depends upon several factors, and that
various procedures, each of which makes certain contribu¬
tions, are required to increase this ability.
Fay noted that while success in mathematics depends on
a child's understanding of the niimber system, it also depends
on a vocabulary of terms which provide a baeis for mathemati¬
cal reasoning and clues for the use of niimerical processes.^
Venderlinde points out, "that students who do not
comprehend the technical vocabulary used in a content area
2
do not comprehend the important ideas within that area."
Data collected by Lyda and Duncan indicate that "the
direct study of quantitative vocabulary produced a signifi¬
cant growth in elementary students' problem solving
abilities."^
"Mathematicians are in reality specialists in the art
of communication." This assertion by Corle is exemplary of
1
L. Fay, "Reading Study Skills: Math and Science," in
J. A. Figure! (ed) Reading and Inquiry (Newark, DE: Pro¬
ceedings of the 10th Annual Convention of the International
Reading Association, 1965), pp. 92-94.
2
L. F. Vanderlinde, "Does the Study of Quantitative
Vocabulary Improve Problem Solving?" Elementary School
Journal 65 (March 1964)143-52.
3
W. J. Lyda and F. M. Duncan, "Quantitative Vocabulary
and Problem Solving," Arithmetic Teacher 12 (March 1967):
298-291.
4
Clyde G. Corle, Reading in Mathematics: A Research
Project in Reading and Arithmetic (University Park, PA: The
Pennsylvania School Study Council, 1964), p. 42.
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what this writer perceives to be the responsibility of every
content teacher. To this end, he, along with Coulter identi
fies those reading skills which seem to aid children in
interpreting verbal mathematics problems. They list:
1. Vocabulary development
2. Literal interpretation of the problem
3. Reasoning, the selection of the proper solution
process.1
If technical terms are to evoke the desired concepts in
the minds of the readers, they must convey precise meanings.
If teachers of mathematics are to help students develop the
technical vocabulary necessary for comprehension of the
important ideas within the given content area, they would do
well to consider the information concerning vocabulary acqui
sition and reinforcement offered by Cunningham, Cunningham,
and Arthur. They state;
1. Understanding and applying appropriate mean¬
ings is essential to reading comprehension.
2. Meaning vocabulary includes not only words
but also phrases, syinbols, abbreviations,
initials, and acronyms.
3. It is impossible to make definite statements
about the size of a person's meaning vocabu¬
lary because words do not have "a meaning."
4. Most people's receptive vocabulary (words
they understand while listening or reading)
is larger than their expressive vocabulary
(words they use in speaking or writing).
5. Many words have several different but related




6. Some words have several unrelated meanings,
which are usually listed as separate entries
in the dictionary.
7. As people read and listen, they particularize
their general meanings for words—a process
termed instantiation.
8. "Denotations" are factual, literal meanings
of words.
9. "Connotations" are interpretations or value
judgements attached to words.
10. Most words are learned through direct experi¬
ence, and symbolically.
11. Words are learned through many different
encounters in different contexts over a
period of time.
12. The words that ought to be taught are those
which students need to learn in order to
understand the content they will be listening
to or reading. In a content analysis, the
teacher lists important concepts and then
determines which words must be known in order
to master or grasp these concepts.1
The importance of providing instruction in the technical
vocabulary is obvious. Lamberg and Lamb suggest: "Because
many teachers regard vocabulary as an important component
of content area learning, they provide regular, systematic
instruction in selected terms and symbols, which designate
key concepts in their content area. . . . Many others, how¬
ever, provide only sporadic attention to vocabulary; they
^J. W. Cunningham, P. M. Cunningham and S. V. Arthur,
Middle and Secondary School Reading (Boston; Allyn and Bacon,
1981), p. 98.
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assvune, incorrectly, that all students should be able to
learn the new words and concepts without assistance."^
Berber states;
If independent activity is expected and
students have not been 'shown how' to
perform that activity, the teacher is
assumptive. It neglects the critical
factor in good instruction; that is, that
student must be 'shown how' to do what¬
ever it is they are 'expected' to do
independently.2
As stated earlier, because it is a complex process,
problem solving has long been recognized as a difficult task.
Nevertheless, researchers have noted that the increased
awareness of the importance of problem solving, and of the
difficulty of problem solving instruction has led to
increased efforts to identify specific instructional techni¬
ques for teaching problem solving.
Barnett et al., in summarizing their discussion on
"Improving Story-Problem Solving in Elementary School Mathe¬
matics," state: "By systematically providing experiences to
help them develop language-processing skills in the area of
mathematics, the teacher can help children improve their
. 3
ability in this crucial area of problem solving."
^W. J. Lamberg and C. E. Lamb, Reading Instruction in
the Content Areas (Chicago; Rand McNally, 1980), p. 31.
2
Harold L. Berber, Teaching Reading in Content Areas
(Englewood Cliffs, NJ: Prentice-Hall, 1978), pp. 215-216.
3
Jeffrey C. Barnett, Larry Sowder and Kenneth E. Vos,
"Textbook Problems: Supplementing and Understanding Them,"
Problem Solving in School Mathematics, Fifth Yearbook Part II
(Virginia: National Council of Teachers of Mathematics,
1980), p. 103.
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Similarly, Thorndike proposes that "difficulty" in the
solution of verbal problems is frequently due to the lan¬
guage of the problem more than to the arithmetic of the
problem.^
Earp, in commenting upon the essential arithmetic-read¬
ing skills, suggest that moving from the reading of English
prose to the reading of mathematical word problems requires
several adjustments; (1) A slower reading rate; (2) varied
eye movements, including some regressions; and (3) an
2
attitude of aggressiveness and thoroughness.
Earp's observation of the uniqueness of mathematical
reading points up an essential component of the reading act,
"goal setting." Certainly, when given narrative materials
to read, the purpose for reading the material is usually a
single one. Spenser and Russel have noted that school chil¬
dren seldom read mathematical word problems with just one
purpose in mind. They may read a problem to get an overall
view of the idea of the task, to note action sequences indi¬
cated by verbs and the position of data to relate ideas, or
to determine the question asked and the required form of the
answer. Solving problems may require reading and rereading
3
the problem statement several times to achieve these purposes.
^E. L. Thorndike, "The Measurement of Educational
Products," School Review 20 (May 1912); 289.
2
Wesley N. Earp, "Procedures for Teaching Reading in
Mathematics," Arithmetic Teacher 17 (November 1970); 575.
3
Barnett et al.. Problem Solving in School Mathematics,
p. 101.
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Addressing the "how" of teaching the reading of word
problems, Barnett offers the following procedures:
1. Reading the problem statement through
completely to obtain a general idea of
the setting, and to visualize the situ¬
ation.
2. Rereading the problem statement to under¬
stand the facts and relationships.
3. Scanning the problem statement to note
difficult or unfamiliar vocabulary and
concepts.
4. Rereading to help organize the steps lead¬
ing to possible solution.
5. Rereading the problem one more time to check
the procedures used and to be sure the
solution is complete and in the proper foirm.l
Berber also addresses the need for a practicable strat¬
egy for teaching reading in the content areas; specifically,
teaching the reading of mathematical word problems. He
strongly suggests that a dichotomy need not exist between
reading instruction and content instruction. However, he
admonishes that the reading skills taught in one setting are
not sufficient for use in another setting; That is,
when basic texts and other resources
normally used in the subject areas are
used as vehicles for teaching the infor¬
mation and ideas related to the curri¬
culum as well as the reading and reasoning
skills implicit in that information and
those ideas, the reading skills implicit
in that information and those ideas, the
reading skills and course content can be
taught simultaneously. Neither has to be
sacrificed to the other.2
^Ibid., pp. 101-103.
2
Berber, Reading in Content Areas, pp. 59-60.
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How can this be done? Consider Herber's proposal for
developing and maintaining a necessary valance between con¬
tent and process:
In speculating on how levels of comprehension
should be applied to the reading of word
problems in mathematics, it seemed clear that
the literal level is important and appro¬
priate. . . . The reader must identify in
detail, the significant information in the
problem. . . .Ideas about mathematics are
implicit in the problem. It seemed reasonable
to believe that solving a set of word problems
would involve the application of specific
principles and concepts in mathematics. That
being true, it also seemed reasonable to think
that a guide which would help students inter¬
pret the word problem in light of the mathe¬
matical concepts and principles which were
operating as the problem was being solved. . .
Speculation on how to adapt the intepretive
level of comprehension for word problems in
mathematics carried over, naturally enough to
the applied level.1
Herber is of the opinion that application of these three
levels of comprehension to word problems, reinforces students'
understanding of mathematics, which presumably is the purpose
of having them do the problems; that this procedure also
offers direct, guided experience in learning how to read word
problems; that students learn how to identify the important
details in the problem, how to determine which math operations
are appropriate, and how to determine which mathematical
. 2
principles are being applied.
No attempt to review every scientific study, or work that




been an attempt to review every one who deals with the rela¬
tion of reading ability to arithmetic ability. Only those
studies have been reviewed that are closely related to the
problem of this study.
Summary of Related Literature
The summary of the findings of the literature pertinent
to this study seemed to stress the following principles:
1. Problem solving ability can be improved through
repeated practice, direct activity, and varied
strategies.
2. Computational accuracy does increase ability to
solve problems.
3. Understanding the fundamental operations is a
vital factor in the improvement of problem
solving ability.
4. Reasoning ability and ability to solve problems
seem to be related.
5. Problem solving is not a unitary factor, but
rather, a complex of different abilities.
6. Concentrated attention on problem solving by
any method seems to have a positive affect on
problem solving ability.
7. Research indicates that the reading of verbal
problems calls for some specific reading skills.
8. Understanding the terms used in mathematics is
a definite factor in problem-solving efficiency.
9. The study of mathematical vocabulary should be
an important objective of instruction.
CHAPTER III
PRESENTATION AND ANALYSIS OF DATA
Introduction
This study was done in order to determine if there was
a statistically significant difference in the achievement
of seventh grade Title I students at Samuel Inman Middle
School who received instruction in the reading of word prob¬
lems compared to those who did not receive such instruction.
More specifically, the study was conducted to investi¬
gate whether mathematical achievement can be influenced by
instruction in the reading skills necessary to solving word
problems.
Local and Subjects of the Study
Samuel Inman Middle School is centrally located in the
intown neighborhoods of Morningside, Virginia Highland,
Poncey-Highland, Ansley Park, Piedmont Heights, Home Park,
and Techwood Homes. There are plans for continuing renova¬
tion of its physical facilities.
The curriculum utilizes the team concept. These teams
teach mathematics, language arts, science, and social studies
during a block of four periods each day. Students may also
select exploratory classes. Among exploratory offerings are
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general music, band, strings, chorus, French, Spanish, art,
home economics, industrial arts, typing, etcetera.
There is a challenge class to meet the needs of students
with above-average abilities, as well as Title I mathematics
and reading classes to meet the needs of students with below
average abilities.
Inman is classified as a Title I school in that the
federal government allocates monies to help students who are
at least two years behind in their reading and mathematics
skills.
The subjects in this study were thirty seventh grade
boys and girls assigned to two Title I mathematics classes
during the winter quarter of the 1981-1982 school year,
whose percentile rank obtained from the California Achieve¬
ment Test was 49 and below. All subjects were from low
socio-economic backgrounds.
Description of Materials and Instriiments
The instrviments used in this study were a pretest and
posttest, prepared by the researcher, the items on which
were lifted from the unit test at the end of the unit covered
in the classroom text during the experimental period, with
additional problems supplemented from other textbooks. The
items included were fifteen n\imerical problems and fifteen
word problems in the areas of fractions, decimals, and
percents. The pretest and the posttest differed in numerical
data only.
The reading comprehension guide used was patterned
after that offered by Berber in his. Teaching Reading in
Content Areas,^ with modifications to fit the needs of the
subjects involved. The three-leveled guide was designed so
that students were able to find out what went into the
make-up of the problem as well as what operation(s) should
be applied. The three leveled construct was comprised of;
(1) The literal level, which aided the reader in identifying,
in detail, the significant information in the problem,
(2) the interpretive level, which helped the reader "inter¬
pret" the word problem in light of the mathematical concepts
and principles operating as the problem was being solved,
and (3) the applied level, which required students to consider
how the problem might be solved and then select the one valid
alternative.
Usage of the levels of comprehension in word problem
solving allows students to experience the full range of
cognitive activity as they read and react to the problems.
This active involvement in the learning process nets students
both the acquisition of knowledge and the development of
concepts which are in turn synthesized with prior learnings
and experiences.
Berber, Teaching Reading in Content Areas, p. 256.
56
Given the problem.
Some friends went fishing together at three
different places. They caught 1 of their
24
day's catch at Hadley's Bay, 3 of their catch
8
at the Roaring Fork River, and 7 of their
12
catch at Wildwood Falls. Where did they
catch the most fish?
the control group simply followed the four problem solving
steps suggested in the oral exercises done each day which
included deciding what was given, what was called for, what
was the correct solution, and what was the probable answer,
proceeding next to solve additional word problems of a
similar kind for the purpose of improving problem solving
ability.
The experimental group, however, would solve the same
problems given the control group (excluding the extra word
problems) through the utilization of a reading comprehension
guide. Given the problem presented above, students in the
treatment group would follow the same four problem solving
steps, assisted by the help of a guide to comprehension of
a given problem. The guide required responses to the follow¬
ing items;
1. List all items that correct identify information
contained in the problem. Then, write what is
to be found.
List all the items that you feel correctly identify
the operation(s) needed to solve the problem. Then




3. On the lines provided, list the item number(s)
of the problem in which the following concepts
are found:
1. The numerator of a fraction tells how many
are taken. The denominator tells how many
in all.
, 2. Multiplying the n;amerator and denominator
of a given fraction by the same number
gives an equal fraction.
3. Dividing the numerator and denominator of
a given fraction by the same number gives
a reduced fraction.
4. Mixed numbers can be written as improper
fractions.
5. Improper fractions can be written as mixed
numbers.
6. Common fractions can be changed to decimals
by placing face value over place value and
dividing place value into face value.
7. Fractions with a denominator of 100 may be
written as a percent.
8. A percent can be written in simpliest form
by writing the percent as a common fraction,
and then reducing the fraction.
9. Decimals can be written as percents.
10. Percents can be written as decimals.
Procedural Steps
A review of the reading comprehension results of the
Title I mathematics students at Samuel Inman on the
California Achievement Test revealed that a substantial number
of these students obtained scores on this section that were
commensurate with their scores on the mathematical word
problem solving section of that same test. The results of
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these findings suggested a need to investigate the correla¬
tion, if any, between reading and solving word problems in
mathematics.
The pretest-posttest control group design was used for
this study. This design requires an experimental group and
a control group. Two seventh grade classes of fifteen
students each made up the groups. Students were selected
by scheduling as members of the classes. The experimental
and control groups were determined by selecting a card from
a bag containing the letters "E" and "C." The total number
of cards contained in the bag matched the total number of
students assigned to the two classes exactly. Each student
pulled a card from the bag. Those pulling the letter "C"
became members of the control group, and those pulling the
letter "E” became members of the experimental group. The
Title I teacher, the researcher, instructed the control group,
and the general funds teacher instructed the experimental
group. Prior to the initiation of the study, both teachers
met and discussed procedures to insure uniformity in both
the control and experimental groups. Both teachers also met
at the beginning and end of each of the six weeks of the
study to maintain uniformity in procedures and in dealing
with factors under their control.
There were certain housekeeping items and work habits
that were essential to successful use of materials and
continuity of procedures in both the control and experimental
groups. The meetings between the teachers involved in the
study were for the purpose of outlining ways of uniformly
dealing with these essentials, and factors under their con
trol. The following procedures were formulated:
1. Orient students (a day prior to the study) to
the what and why of the study. At this time,
the researcher met with all students who were
assigned to both teachers' first period class¬
es, giving instructions in, (a) how and why the
study would be conducted, (b) how students
would be selected as members of either the
experimental or control group, (c) where to
report for class, (d) the importance of attend¬
ing class sessions every day during the six
weeks experimental period, offering to reward
those students who maintained regular attendance,
and (e) how discipline problems and individual
differences would be handled.
2. Outline and post daily work habits to be
exhibited by each student throughout the experi¬
mental period. (Although each student had a
copy of this outline in his/her individual work
folder, and there was a chart of the same out¬
line posted in both classrooms, the instructors
of both groups reviewed the procedures daily.)
The outlined procedures were as follows:
1. Pick up materials daily from designated
place upon entering the room.
2. Prepare materials for day's activity.
3. At the indicated time, answer to roll
call.
4. At the indicated time, listen to and
follow directions given.
5. At the indicated time, check and score
day's activity (when applicable).
6. Stop immediately when time is called.
7. Pass work in to designated person.
As a result of the meeting between the two teachers
involved in the study prior to initiation of the study and
all the stibsequent ones at different intervals, the number
of factors that may have influenced the results of the
study were isolated, and as many as were feasible were
controlled.
Experimental Treatment
Both groups used Houghton Mifflin's Mathematics as the
textbook from which they solved numerical and verbal problems
included in the unit covered during the six weeks study.
Teachers of both groups followed the procedures suggested in
the textbook as their method of instruction. These methods
included posing problems, posing questions, making sketches,
presenting problems representative of real-life siutations,
demonstrations and drill.
Each lesson covered by both groups was introduced by an
instructional model which illustrated the objectives.
Practice material which followed, aided students in learning
the lesson objectives. This practice material was divided
into three sections. A, B, and C. Section A reinforced the
instructional model and provided a step-by-step introduction
to skill development. Section B provided practice for the
lesson objectives, and section C extended the objectives of
the lesson, including word problems in which computational
skills were applied. However, prior to each verbal problem
solving experience, the experimental group was given a
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three-leveled reading comprehension guide to aid them in
extracting from the word problems what they were to do and
what information they were to compute. This reading strate¬
gy, taught apart from those in the textbook, was not given
to the control group. Instead, the control group was given
extra practice in solving word problems from ditto masters
designed to supplement those problems given in the textbook.
The time allotted for this extra practice equalled that
allotted for the reading strategy given the experimental
group.
Data Analysis
The pretest, prepared by the researcher, was a composite
of fifteen numerical and fifteen verbal problems taken from
the end of unit test of the textbook used in this study with
both the control and experimental groups, the problem solving
test at the end of this same unit, and items from the extra
unit tests included in the teacher's guide to the textbook
mentioned above. The pretest incorporated each skill intro¬
duced and developed during the six weeks experimental period,
making it sensitive to the purpose of the unit of work taught
during the study which was to develop skills in the areas of
decimals, fractions, and percents with application to verbal
problem solving situations.
The pretest was administered for the purpose of deter¬
mining whether or not differences in specific measures
between the experimental group and the control group existed
at the beginning of the experiment.
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Table 2 lists the actual pretest scores for both the



























The t statistic was used to test the statistical signifi¬
cance between test means for the two groups. Table 3 shows
the results of this analysis.
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The difference between the two means was .534 and the
standard error of the difference between the means was 1.809.
The t statistics was found to be .295 at the .05 level of
significance using twenty-eight degrees of freedom. Since
a significant t is 1.7011 using .05 level of significance,
the two means on the pretest were not statistically different.
It may be concluded that the control group and the experimen¬
tal groups did not differ in achievement at the beginning of
the study.
The posttest differed from the pretest in numerical data
only. It was administered for the purpose of determining
whether or not differences in specific measures between the
experimental group and the control group existed at the end
of the experimental period. Table 4 lists the actual post¬




























To determine whether or not a statistical significance
existed between the means for the two groups, the t
statistic was used on the posttest results. Table 5 shows
the results of this analysis.
The difference between the two means was 1.266 and the
standard error of the difference between the means was 1.757.
The t was found to be .721. Since this was less than 1.7011
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which was critical at the .05 percent level of confidence,
the differences in the scores were not statistically signif¬
icant. Any differences in the gains was due to chance.
CHAPTER IV
SUMMARY, FINDINGS, CONCLUSIONS, IMPLICATIONS
AND RECOMMENDATIONS
Suininary
This study was conducted to find out to what extent
instruction in the reading of word problems is effective with
Title I students of Samuel M. Inman Middle School.
More specifically, the study was done to investigate
whether mathematical achievement can be influenced by
instruction in the reading skills necessary to solving word
problems.
The study was initiated with a review of the reading
comprehension results of the Title I mathematics students
at S. M. Inman on the CAT. The subjects for this study
were chosen from this population of students assigned to two
Title I mathematics classes taught by the researcher, who
was also the Title I teacher, and a general funds teacher,
each class having fifteen members.
Each of the students involved in the study was given a
pre and posttest. The mean gain scores in mathematical
achievement for the students on the pre and posttest were
obtained. A t-test of significance was applied to determine
66
if the students made any significant gains on the latter
test (posttest).
Findings
The t for the pretest was .295 and was not statisti¬
cally significant for twenty-eight degrees of freedom at
the .05 level of significance. The mean for the experimental
group was 13.467 and the control group mean was 12.933.
The t for the posttest was .721 and was not statisti¬
cally significant for twenty-eight degrees of freedom at
the .05 level of significance. The mean for the experimental
group was 19.333 and the control group mean was 18.067.
The data revealed that there was not a significant
difference between the mathematical achievement of the
experimental group and the control group as indicated by the
"t" of .721 at .05 level of confidence and twenty-eight
degrees of freedom.
Conclusions
The findings of this study warrant the following con¬
clusion: Instruction in the reading skills necessary to
solving word problems did not increase the mathematical
achievement of Title I mathematics students significantly
more than the teaching of skills supported by practice.
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Discussion
The three-leveled guide, as conceived by Berber, lends
itself to enabling students to find out what went into the
make-up of the given problem as well as to determining what
e operation(s) should be applied. This is true because the
guide is specifically adapted for use in content areas,
such as mathematics, in which the material to be read is
written in brief, concise, compact, and detailed language.
The three-leveled construct utilizes three levels of compre¬
hension, literal, applied, and interpretive respectively.
This deliberate order in which these three levels are
presented is both reasonable and appropriate for use in
mathematics.
Paramount and foremost to the successful solution of
mathematical word problems is the identification, in detail,
of the significant information in the problem. The next
logical concern would be that of simulating operations
necessary to solution, followed by consideration of the
mathematical concepts and principles inherent in the problem.
Again, this is the make-up, and certainly the strength of
the reading guide.
Since the guide is systematic approach to showing
students "how to" effectively attempt solution of word
problems, and since systematic instruction is one of the
essential characteristics of any remedial program, it may
seem unusual that the results in achievement was not higher
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after using the guide. The researcher can only speculate
about some of the variables not controlled in the study.
Among the many possibilities are student attitudes toward
the class, students' low self-esteem, and use of the guide
itself with "slow learners."
Ideally, students should consider being enrolled in a
remedial class a privilege, and enter voluntarily. It is
no secret, however, that many students who are members of a
Title I class would prefer being assigned to a regular
mathematics class. Their assignment to the class is based
on a specified percentile ranking, the accuracy of which is
questionable. Each student is aware of the criteria for
his/her placement into the class. That is to say he/she is
given his/her percentile ranking, not only in mathematics,
but in reading. This supposedly is done in order to empha¬
size the reason or need for enrollment into the classes.
However, the students view the class as being one for
"disabled" learners, or for "Speds," a name they themselves
have coined to mean a class for those students who lack
acceptable levels of ability. Their rationale for support
of this attitude toward the class is, "if I am able to func¬
tion in a regular class setting, then why have I been
identified as needing a special program of instruction?"
Frequently, students assigned to Title I courses feel
insecure and defeated in school. They are often antagonistic
towards reading, and thoroughly dislike it. They have
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somehow convinced themselves that, though desirous of learn¬
ing to read, they lack the mental facility that precludes
mastery of this essential life skill. Their self-esteem is
dangerously low.
Perhaps this negative attitude toward reading has
created a barrier between the student and all reading
instruction. This being true, it would be understandable
that a student would reject reading instruction of any kind
in a mathematics class of all places.
Although the three levels of comprehension construct
is manageable for both students and teachers, is simple
for teachers to learn as a reading process, can be taught
functionally, and serves to lessen the scarcity of practical
and specific hands-on strategies which allow students to
attain the delicate instructional balance between content
and process, there must be a concerted effort on the part of
all those involved to achieve desired success.
Implications
Since there is ample documentation supporting the
effectiveness of the reading comprehension guide specifi¬
cally designed for use in any content area, the negative
results in this study have some implications for teachers:
1. Prolonged use of a single strategy such as the
comprehension guide may bore of frustrate some
students.
There appears to be a need for greater attention
to the degree of understanding that the student
has of the conceptual structure of mathematics
as a prerequisite to his/her exposure to a
2.
particular strategy, if he/she is expected to
use the particular strategy effectively.
3. Students' negative perceptions of Title I pro¬
grams may work against special efforts to
improve their achievement.
Recommendations
On the basis of the conclusions and implications, the
following recommendations are made:
1. That further study be conducted to verify
or disprove the present findings concern¬
ing the use of a reading comprehension
guide to improve mathematical achievement.
2. That a more extensive longitudinal study
be made on the use of a reading comprehension
guide in the mathematics classroom and its
effect on achievement scores.
3. Students should be exposed to this strategy
in a regular mathematics classroom.
4. Students should be thoroughly aware of the
purpose for instruction in the reading skills








1. List all items that correctly identify information
contained in the problem. Then write what is to
be found.
2. List all items that you feel correctly identify the
operation(s) needed to solve the problem. Then
choose the one you feel will lead to the correct
solution.3.On the lines provided, list the item number(s) of the
problem in which the following concepts are found;
1. The numerator of a fraction tells how many
are taken. The denominator tells how many
in all.
2. Multiplying the numerator and denominator of
a given fraction by the same number gives an
equal fraction.
3. Dividing the numerator and denominator of a
given fraction by the same nvimber gives a
reduced fraction.
4. Mixed ntambers can be written as improper
fractions.
5. Improper fractions can be written as mixed
numbers.
6. Common fractions can be changed to decimals
by placing face value over place value and
dividing place value into face value.
7. Fractions with a denominator of 100 may be
written as a percent.
8. A percent can be written in simplest form by
writing the percent as a common fraction, and
then reducing the fraction.
9. Decimals can be written as percents.
10. Percents can be written as decimals.
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six Weeks Lesson Plans
with
Word Problem Solving (Supplement to the text)
WEEK I
Day I. (Pretest)
Day II. Lesson: Meaning of Fractions (pp. 120-121)
All of A
WORD PROBLEMS: 1. Ten men went fishing. Of the twenty-five
fish they caught, eight were catfish.
What fractional part of their catch were
catfish?
2. Of the sixteen boats that left the harbor,
two returned, seven went to a neighboring
harbor, and the remaining boats sailed
long distances out to sea. What fractional
part of the sixteen boats returned to
harbor?
Day III. Lesson: Equal Fractions (p. 122) All of A
Day IV. (P- 123) All of B
Day V. (P- 123) All of C, w/word problems
WORD PROBLEMS: 1. See bottom of p. 123
2.
2
of a lake is used for fishing. 1
that same lake is used for boating. Are
there equal amounts of the lake used for
both fishing and boating?
WEEK II
Day I. Lesson: Simplifying Fractions (p. 124)
All of A
Day II. (P- 125) All of B
Day III. (P- 126) All of C w/word problems









Dan lost a fishing pole that was longer
than regulation size. He found two poles.
30"
One was longer than regulation size,
35"
and the second was longer than regula¬
tion size. Were the two poles as long as
the one Dan lost?
2. 6 out of every 10 fishing holes in a
certain area are very shallow. How many
out of every 30 are shallow?
4
1. of the boats used for sailing were
being used by the tourist in a town.
Written in the simpliest form, this amount
is the same as?
24
2. About of the day's catch was bass. How
many fourths was this?
Day V. Review A, (p. 127)
WEEK III
Day I. Lesson; Mixed Nxambers as Fractins (p. 128)
All of A
Day II. (p. 129) All of B
Day III. (p. 129) All of C w/word problems
12 . . .
1. If one river is jq of a mile long, is its
length the same as a river whose length






WORD PROBLEMS 2. The width of Jack's boat is the same as
the width of Al's boat. If Jack's boat
2
is 2-^ feet wide, how many thirds long is
Al's boat?
Day •>H Lesson: Fractions as Mixed
All of A
Nvimbers (p. 130)
Day V. (p. 131) All of B
WEEK IV
Day I. Lesson; Fractions as Mixed Numbers Continued
All of C w/word problems (p. 131)
WORD PROBLEMS 1. Two men went skiing in two different places.
7
They spent g- of their day skiing at Harris
Lake. Did they spend equal amounts of time
at both lakes?
2. How many sixth of the fishermen caught
35






Lesson; Decimals (p. 13) All of A
(p. 133) B, 19 through 53.
(p. 133) B, 54 through 68.
(p. 133) All of C w/additional word problems
2. Bill caught 3 out of the 5 bass in the lake
behind his home. Name this ratio as a
decimal.
3. Ed swam six of the 15 yeard needed to win
the contest in four minutes. Name the
ratio of the ntamber of yards he swam to





WORD PROBLEMS 4, The Panama Canal is about 81.6 km long.
Write the number of kilometers as a mixed




Percents (p. 134) All of A w/word
problems
■g of the fish Mr. Davis caught were.less
than five inches long. What percent of
the fish were less than five inches long?
2
If John sails
^ the length of a lake,
will the percentage of the distance he
sail be the same as the percentage of the
2
distance Paul sails if Paul sails g the
distance of that same lake?
Day II. (P- 134) B, 7 through 24 only
Day III. (P- 135) B, 25 through 48
Day IV. (P. 135) All of C w/additional word problians
WORD PROBLEMS 1. 80% of the lake is marshland. What is this
amount in fractional form, reduced to
lowest terms?
Would 30% of a fisherman's catch be the
3
same as of his catch? Why? Why not?
7
3. of the boats that left the harbor one
morning came back before noon. What per¬
cent of the boats came back before noon?




Day I. (P. 136)
Day II. (P. 137)
Day III. (P- 137)
Percents, B, 7 through 30.
B, 31 through 60
C w/additional word problems
WORD PROBLEMS 1. 0.45 of all the swimmers in the swimming
contest have won gold medals. What
percent is this?
2. 0.28 of all the water in a certain pond
dries out in extreme heat. What percent
of the pond does not dry out?
















































Three fourths of the earth is water. Which drawing
shows how much of the earth is water?
neighbor. Cirle the number of fish Mr. Jones gave
his neighbor.18.On one island, about of the south shore marshland is
a wildlife reserve. About _6 of the north shore is a
10
wild-life reserve. Are there equal amounts of land
reserved for wildlife in both the north and south shore
marshland? Why or why not?19.Jack spends j of his day fishing. How many twelfths
of his day must Jim spend fishing if he wants to spend
as much time fishing as Jack?20.Of the day's catch of fish on one fishing boat, was•3 V
catfish. What is this fraction in simplest form?
21. The St. Lawrence River in North America is about




is the fraction in simplest terms?
22. Some friends went fishing together at three different
places. They caught ^ of their day's catch at Hadley's
Bay, of their catch at the Roaring For River, and




23. For the ocean trip from Alaska to New York, going around
southern part of South America is about 3.2 times as
long as going through the Panama Canal. Write the
figure as a mixed number.
24. People in a canoe traveled -I- of the length of a river on
1 ^
Saturday, and of the length of the river on Sunday.
Which day did they travel the furthest?
25. Because of irrigation, one farmer can farm 4.25 times
as much land as before the irrigation. What is this
niunber as a mixed number?
26. On one cargo ship about of the weight of the loaded
ship was cargo. Write the niamber in percent.
27. All the oceans, the ice caps, and the glaciers together
make up more than 99% of the earth's water. Write the
number as a decimal.
28. More than 0.95 of all the world's water is oceans. Write
this number as a fraction.
2
29. Because of water pollution, only about ^ of the waterways
in one region have a good supply of fish. What percent
is that?
30. About 7% of North America is covered by lakes. Write
















Write as a fraction.
9. 1 I = 10. 2 I















16. Three fourths of the earth is water. Which drawing
shows how much of the earth is water?
neighbor. Cirle the nvimber of fish Mr. Jones gave
his neighbor.
2
18. On one island, about of the south shore marshland is
a wildlife reserve. About of the north shore is a
10
wild-life reserve. Are there equal amounts of land
reserved for wildlife in both the north and south shore
marshland? Why or why not?
19. Jack spends of his day fishing. How many twelfths
of his day must Jim spend fishing if he wants to spend
as much time fishing as Jack?
12
20. Of the day’s catch of fish on one fishing boat, was
catfish. What is this fraction in simplest form?
21. The St. Lawrence River in North America is about
the length of the Amazon River in South America. What
is the fraction in simplest terms?
22. Some friends went fishing together at three different
3
places. They caught yo their day's catch at Hadley's
4 2
Bay, of their catch at the Roaring For River, and




23. For the ocean trip from Alaska to New York, going around
southern part of South America is about 3.2 times as
long as going through the Panama Canal. Write the
figure as a mixed nvimber.
24. People in a canoe traveled 4 of the length of a river on
1 ”
Saturday, and of the length of the river on Sunday.
Which day did they travel the furthest?
25. Because of irrigation, one farmer can farm 3.15 times
as much land as before the irrigation. What is this
number as a mixed number?
26. On one cargo ship about of the weight of the loaded
ship was cargo. Write the number in percent.
27. All the oceans, the ice caps, and the glaciers together
make up more than 88% of the earth's water. Write the
number as a decimal.
28. More than 0.86 of all the world's water is oceans. Write
this nximber as a fraction.
29. Because of water pollution, only about "I- of the waterways
in one region have a good supply of fish. What percent
is that?
30. About 3% of North America is covered by lakes. Write
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